Objectives: Strategies that focus on the reduction of oxidative stress and inflammation may have therapeutic benefit for the treatment of schizophrenia. This clinical trial sought to determine, in a double-blind study, whether epigallocatechin gallate (EGCG), a green tea extract, is a useful adjunct to maintenance antipsychotic medication. Methods: Adults with schizophrenia, schizoaffective disorder or bipolar disorder who were maintained on antipsychotic and other psychotropic medications were randomized to supplemental EGCG or placebo. Study participants completed clinical assessments and blood draws to evaluate supplemental treatment effects on psychiatric symptoms and plasma inflammatory markers. Results: A total of 34 participants (17 EGCG, 17 placebo) were randomized and 25 participants (14 EGCG, 11 placebo) completed the study. Both treatment groups showed significant reductions in psychotic, depressive and anxiety symptoms from baseline to end of treatment. However, EGCG did not significantly affect psychiatric symptoms or inflammatory markers, as compared with placebo. Adverse effects were mild and comparable between groups. Conclusion: There was no signal for a therapeutic effect of the green tea extract EGCG on psychiatric symptoms in this placebo-controlled pilot study.
Introduction
Current pharmacotherapeutic strategies to treat symptoms of schizophrenia are generally focused on blockade of the dopamine and serotonin receptors [Freedman, 2003; Muscatello et al. 2010; Catafau et al. 2011] . Although this treatment is effective for many patients with schizophrenia, residual symptoms frequently persist (e.g. affective flattening, anhedonia, attentional impairment), and present antipsychotic medications are associated with several adverse effects (e.g. weight gain and metabolic syndrome, somnolence, dyskinesia, liver toxicity). Thus, there is considerable interest in treatments for psychotic disorders that target pathways and novel pathophysiologic mechanisms other than those involving the dopaminergic or serotonergic systems.
The role of immune activation and inflammatory mediators are increasingly implicated as causal factors in schizophrenia [Kneeland and Fatemi, 2012; Severance et al. 2012] and as potential therapeutic targets [Muller and Schwarz, 2012] . In a comprehensive review, Leonard and colleagues concluded that in schizophrenia, there is a 'chronic, low-grade inflammatory change associated with the active phase of schizophrenia and that effective treatment largely attenuates these changes' [Leonard et al. 2012] . A number of strategies that focus on the reduction of oxidative stress and inflammation have been considered for the treatment of schizophrenia (e.g. folate [Hill et al. 2011] , aspirin [Laan et al. 2010] , longchain polyunsaturated fatty acids [Das, 2004] ). Green tea, a beverage that has been consumed for centuries, contains antioxidant polyphenols, most notably epigallocatechin-3-gallate (EGCG), that demonstrate inhibitory effects on nitric oxide synthase (NOS) and cytokine production [Ahmed et al. 2002; Singal et al. 2006 ]. Preclinical studies suggest that green tea extract may possibly benefit patients with schizophrenia. For example, green tea extract: (1) enhances learning and memory in aged rats [Kaur et al. 2008];  (2) causes antidepressant-like effects that are comparable to desipramine [Sattayasai et al. 2008];  (3) ameliorates lipopolysaccharide (LPS)-induced sickness behavior [Singal et al. 2006 ]; (4) induces anxiolytic effects [Vignes et al. 2006] ; and (5) reduces reserpine-induced oxidative hepatic damage [Al-Bloushi et al. 2009 ]. As early as 2000 years ago, Chinese emperors made reference to the calming effects of green tea, but we are not aware of any clinical studies of EGCG's psychotropic properties. To test the hypothesis that NOS inhibitors are anxiolytic and antipsychotic, we evaluated EGCG as an adjunct to antipsychotic medications in treatment refractory patients with schizophrenia. Bipolar patients who experience anxiety and psychotic symptoms similar to schizophrenic patients may benefit from the calming and antipsychotic effects of EGCG, and were also included in the study.
The objectives of this study were threefold: (1) to determine, in a double-blind study, whether EGCG is a useful adjunct to maintenance antipsychotic medication; (2) to evaluate effects of EGCG on mood in schizophrenic patients and bipolar patients; and (3) to determine ECGG effects on plasma inflammatory markers.
Materials and methods

Study design
This randomized, placebo-controlled, doubleblind study of EGCG was conducted at the Portland VA Medical Center (PVAMC) from July 2005 through September 2008. The study had two phases: a 2-week, single-blind, placebo leadin phase and an 8-week randomized, doubleblind, placebo-controlled phase. The green tea extract capsules containing EGCG (theaflavin brand of enriched green tea extract [150 mg per capsule]; Nashai Biochemical, Nashville, TN) were over-encapsulated using Capsugel size AAel white opaque DBcaps® (Capsugel, Peapack, New Jersey) by the Research Pharmacy personnel at the PVAMC. The remaining space was filled with cellulose (microcrystalline cellulose NF (T-105); Hawkins). Placebo capsules were compounded using the same larger capsules, were filled with cellulose only, and had final fill weights that were equal to the active drug (i.e. EGCG) capsules. The PVAMC Research Pharmacy personnel were solely responsible for the compounding of the EGCG and placebo capsules.
After providing written informed consent, patients entered a 2-week, single-blind, placebo lead-in phase, during which they were instructed to take four capsules as two divided doses (two capsules two times per day) in addition to their prescribed medication. After completion of the placebo leadin, patients who continued to meet study criteria were randomly assigned under double-blind conditions to receive an 8-week trial of four capsules of placebo or enriched green tea extract by mouth daily for 8 weeks.
All patients provided written informed consent before screening. The study was conducted in accordance with principles of Good Clinical Practice and was approved by the Institutional Review Board and regulatory agencies at the Portland VA Medical Center.
Participants
Men and women (≥18 years) with a primary Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) Axis I diagnosis of schizophrenia, schizoaffective disorder, or bipolar disorder were eligible [American Psychiatric Association, 2000]. Patients had to be able to understand and sign the consent form. Women of childbearing age could not be pregnant or breastfeeding and had to agree to use contraception. Participants were excluded for any of the following reasons: Axis I diagnosis other than schizophrenia, schizoaffective disorder, or bipolar disorder; significant depressive symptoms (Hamilton Depression Rating Scale [HAM-D] ≥ 25); use of EGCG, either by regular consumption of green, white, or black tea, or use of diet pills or nutrition products containing EGCG; serious medical or neurological illness (based on physical exam, history, and laboratory tests); abuse of or addiction to alcohol or any illicit substances during the past six months; abuse of phencyclidine at any time; asthma (EGCG has been reported to exacerbate or even induce asthma [Shirai et al. 1994] ); or acute exacerbation of psychosis sufficient to consider hospitalization and decrease competency to consent.
Concomitant medications
In this study green tea extract is proposed to serve as an adjunct to approved schizophrenia pharmacotherapy. As a result of this hypothesis, and the benign side-effect profile of green tea extract, we allowed participants to take their normally prescribed medications during this study. All medications being taken by each participant enrolled in this study were reviewed by the study psychiatrist.
Clinical assessments
Clinical assessments were performed at baseline (week 0) and after 4 and 8 weeks of treatment.
The following measures were used to evaluate clinical efficacy:
• Clinical Global Impression scale-Schizophrenia scale (CGI) [Guy, 1976; Conley and Buchanan, 1997 ]. The CGI was administered at baseline and week 10 only. • Positive and Negative Syndrome Scale (PANSS) [Kay et al. 1987] . PANSS scores were further analyzed using the subscales for general psychopathology symptoms (PANSS-G), positive symptoms (PANSS-P), and negative symptoms (PANSS-N). • HAM-D [Hamilton, 1960] . • Hamilton Anxiety Scale (HAM-A) [Hamilton, 1959] .
Safety and tolerability
Safety and tolerability were assessed with adverse events (AEs), physical assessments, laboratory measures (e.g. complete blood count [CBC], liver function tests, and fasting lipid profiles), and body mass index (BMI) measurements. Extrapyramidal side-effects (EPSs) were assessed using patient reports of EPS-related AEs, the Simpson Angus Scale (SAS) [Simpson and Angus, 1970] , and the Abnormal Involuntary Movement Scale (AIMS) [Simpson and Angus, 1970] .
Blood sampling and biomarker assays
To evaluate the relationship of psychiatric symptoms to markers of inflammation, blood samples were collected at baseline (following the completion of the placebo lead-in phase) and after 8 weeks of treatment with either EGCG or placebo. Blood was collected in BD Vacutainer tubes (Becton, Dickinson and Company, Franklin Lakes, NJ), and plasma was separated and stored at -80°C until assayed. Enzyme-linked immunosorbent assay (ELISA) kits were used to measure tumor necrosis factor-α (TNF-α; sensitivity 4 pg/ml), interferon-γ (IFN-γ; sensitivity 4 pg/ml), interleukin-10 (IL-10; sensitivity 2 pg/ml), and IL-9 (sensitivity 2 pg/ml). Patient samples were run in duplicate and assays were carried out according to manufacturer's recommendations with minor modifications (Biolegend, San Diego, CA). Absorbance was measured at 450 nm using a BioRad Model 680 microplate reader (Bio-Rad Laboratories, Hercules, CA).
Statistical analysis
Demographic characteristics were compared between groups by Student's two-sample t-test for continuous variables and χ 2 test for categorical variables. Clinical efficacy was analyzed using two-way, repeated measures analysis of variance (ANOVA) for each psychiatric rating scale.
Variables included group (EGCG versus placebo), time, and group × time. Bonferroni posttests were conducted, as appropriate. Differences in rating scale score changes between the randomized groups were evaluated using unpaired t-tests. Cytokine levels were analyzed using paired t-tests in order to compare week 0 (baseline) with week 10 (after 8 weeks of treatment with EGCG or placebo). Analyses were performed using Prism for Windows, version 4.03 (GraphPad Software, Inc., La Jolla, CA). The two-sided level of significance was set at 0.05.
Results
Baseline characteristics
A total of 42 patients were screened, 34 underwent randomization, and 25 completed 8 weeks of treatment ( Supplementary Figure 1 , all supplementary material can be found online with this article, http:// tpp.sagepub.com). Supplementary Table 1 provides a summary of the demographic and patient characteristics. At baseline, the EGCG and placebo groups did not differ significantly on any of the demographic variables or psychiatric symptom rating scales. Concurrent psychiatric medications at baseline are reported in Supplementary Table 2 .
Efficacy
The CGI score improved significantly from baseline to week 10 (i.e. 8 weeks of EGCG treatment for the EGCG group) in both the EGCG and placebo groups (F = 15.46, p = 0.0006). There was a trend for a treatment effect (F = 3.90, p = 0.059); however, the interaction between treatment group and time did not reach statistical significance (Figure 1 ). The PANSS, HAM-A, and HAM-D scores also improved significantly from baseline to week 10 in both treatment groups (PANSS: F = 15.46, p < 0.0001; HAM-A: F = 6.50, p = 0.0032; HAM-D: F = 9.71, p = 0.0003), but the group and group × time interaction effects were not significant (Figure 1) . Further, the EGCG and placebo groups did not significantly differ in the change from baseline to week 10 on any of the psychiatric measures, including the subscales for the PANSS (Table 1) .
Safety and tolerability
Three AEs were reported during the trial. One patient in the EGCG group experienced an exacerbation of bipolar depression and was discontinued from study medications at week 10, one patient in the placebo group reported tachycardia and was discontinued from study medications at
week 10, and one patient in the placebo group developed an abdominal rash and was discontinued from the study prior to week 6 ( Supplementary  Figure 1) . The EPS measures (SAS and AIMS) remained overall unchanged for both groups (data not shown); however, both measures showed levels already very low at baseline ( Supplementary Table 1 ).
Biomarker assays
Cytokine levels were measured to determine whether treatment with EGCG was associated with alterations in the production of TNF-α, IFN-γ, IL-10, and IL-9. Cytokines from unstimulated blood samples were detected in 6/12 patients for the EGCG group and 3/9 patients for the placebo group. Consequently, the EGCG and placebo groups were combined to determine whether there was an association between changes in psychiatric symptoms and cytokine production from week 0 to week 10. Supplementary Table 3 shows nonsignificant reductions for TNF-α, IFN-γ, IL-10, and IL-9 (5.5%, 17.8%, 23.1%, and 22.3%, respectively).
Discussion
This 8-week, double-blind, prospective study of daily EGCG supplementation versus placebo in patients with schizophrenia, schizoaffective disorder, or bipolar disorder did not find significant differences in the efficacy or tolerability between the two treatments. Both EGCG and placebo groups showed significant decreases in psychiatric symptoms over time. The reduction in psychiatric symptomology was accompanied by nonsignificant decreases in the production of Th1, Th2, and Th9 cytokines.
It is well known that obesity is a significant contributor to inflammation [Stienstra et al. 2012 ]. According to the Centers for Disease Control and Prevention, an adult who has a BMI between 25 and 29.9 is considered overweight, and an adult who has a BMI of 30 or higher is considered obese (see http://www. cdc.gov/obesity/adult/defining.html). Based on these criteria, the mean BMIs for both the placebo and EGCG groups were greater than 32, placing them in the obese category. Consequently, the degree of inflammation in our sample may have contributed to the lack of statistically significant reductions in cytokine levels from baseline to week 10. Although we did not find significant treatment differences between EGCG and placebo groups, both groups showed significant reductions in psychotic, depressive, and anxiety symptoms, which were associated with reduced expression of cytokines.
Pharmacokinetics play a critical role in the clinical outcomes of drug therapy. Studies designed to investigate drug interactions with EGCG and its absorption show significant variability between subjects [e.g. Chow et al. 2006; reviewed in Colalto, 2010] . This variability suggests that pharmacogenetic factors may influence the pharmacokinetic mechanisms as well as the potential therapeutic effects of EGCG. Recently, a common polymorphism in the genetic code for catechol-O-methyltransferase (COMT) was investigated to assess the impact of COMT genotype on green tea catechin absorption and metabolism in humans. The authors reported that the COMT polymorphism [i.e. Val(158/108)Met] does not appear to have a significant influence on EGCG absorption and elimination [Miller and Schwarz, 2012] . More research studies are needed to better understand the pharmacokinetic mechanisms of EGCG.
Limitations of this study included a small sample size, broad diagnostic criteria, a single dose strength of EGCG, and no standardized use of antipsychotic medications. Standardizing the antipsychotic medications would have been optimal, but we proposed that EGCG would serve as an adjunct to schizophrenia pharmacotherapy. As a result of this hypothesis, we allowed subjects to take their normally prescribed medications during this study ( Supplementary Table 2 ). In addition, although not statistically significant, patients in the EGCG group had more severe scores on all psychiatric rating scales. The increased baseline symptomology in the EGCG group may have hindered our ability to detect significant treatment group differences between the placebo and EGCG groups.
The lack of any signal for EGCG efficacy limits enthusiasm for its potential psychotropic properties; however, our sample size was less than the recommended 40-100 patients for drug augmentation studies in schizophrenia [Stern et al. 1997 ]. Consequently, the power to detect statistically significant clinical efficacy differences between EGCG and placebo groups was low, leaving the possibility of a type II error. However, we compared psychiatric symptom severity scores across time and had adequate power to detect significant within-group differences from baseline to week 10 on the CGI, PANSS, HAM-A, and HAM-D scores (Figure 1 ).
Future studies could examine whether EGCG is effective with narrower diagnostic categories (e.g. paranoid schizophrenia), during specific stages of illness (e.g. at initial onset of disease, during psychotic, depressive, or manic episodes), or following longer durations or higher doses of treatment [Niu et al. 2009; Noto et al. 2011 ]. In conclusion, the results of this first double-blind, placebo-controlled pilot study do not support the hypothesis that EGCG has antipsychotic or other psychotropic properties.
